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I.Infroducfion
Interest in the improvementofculvert operation through the
study of experimental models has increased rapidly in the past few
years. These studies are no longer directed entirely toward the de-
termination of theoretical aspects of culvert operation, but are con-
cerned also with the immediate problems of design to improve the
performance of culverts.
Recently completed tests of inlet designs for box culverts',
conducted at Oregon State College, suggested the need for a similar
series of tests for pipe culvert inlets. As a result, a research project
for undergraduate sttldents in the Civil Engineering Department was
initiated in March 1952 and sponsored by Armco Metal and Drainage
Products, Inc. By June 1953, work on the student project was
thought promising enough to warrant a research study by the En-
gineering Experiment Station, with cooperation and assistance from
the Oregon State Highway Department.
Need for such experiments was indicated by the fact, observed
in the field, that pipe culverts on steep slopes (normally 1 per cent
or greater) did not flow full when the headwater submerged the
inlet.
Purposes of these experiments were: (1) to observe the be-
havior of a number of typical culvert installations that did not flow
full, and (2) to evolve a simple and practical means of forcing these
culverts to flow full (prime) under field conditions.
Tests were performed on a 1:12 scale model of a 4-foot diameter
pipe culvert with free overfall on the (loWflstream end. Models 1, 2,
and 3 (Figure 1) were selected as being typical culvert installations
under current design practices. Model 3 is the one most commonly
1Model Studies of Tapered Inlets for Box Culverts, by Roy H. Shoemaker,Jr.,
andLeslie A. Clayton. Research Report 15-B, Highway Research Board, \vash., n. C.,
and Reprint No. 43, Engineering Experiment Station, Oregon State College.6 ENGINEERING EXPERIMENT STATION BULLETIN 35
used by the Oregon State Highway Department. Models 4 and 6,
modifications of Model 3, were chosen from those tested as the most
economical and practical modifications that permitted the culvert to
prime automatically. The shortest extension lengths that assured
automatic priming of the culvert were chosen as the final dimensions
for the modifications.
II. Fundamental Concepts
Flow through pipe culverts on steep slopes can be controlled in
any one of three ways (as outlined below), depending upon the
elevation of the headwater pool and the location of the control. The
shift in location of control from culvert entrance to culvert exit
can result in a marked increase in flow and may result in unstable
flow conditions.
1. Inlet not submerged. When the inletis not submerged,
flow through the culvert is controlled by critical depth at the inlet.
Elevation of the water surface drops rapidly to critical depth near
the entrance and open channel flow at supercritical velocities exists
in the remainder of the culvert barrel. Discharge for a given head-
MODEL I MODEL 2
MODEL 3 MODEL 4 MODEL 6
Figure 1.
Inlet Shapes for Models Tested on 4 Per Cent SlopeINLET DESIGNS FOR PIPE CULVERTS
water pooi elevation can be computed by means of critical depth
relationships, assuming critical depth to occur at the culvert entrance.
Critical depth may occur a short distance downstream from the
culvert entrance, but for design purposes the above assumption is
sufficiently accurate.
2. Inlet submerged. After the inlet has been submerged, it
is still possible to have open channel flow in the culvert barrel if the
control remains at the entrance. In this case, flow at the entrance is
analogous to orifice or sluice flow. The stream lines near the bottom
of the culvert remain straight, but the water entering the top portion
of the culvert with a velocity component perpendicular to the axis
of the culvert will not cling to the top of the barrel. The resulting
contraction of the stream leaves an air space at the top of the culvert
near the entrance. At low heads of submergence, open channel flow
exists in the culvert barrel, which permits air to fill the top of the
culvert and prevents full flow. As the head of submergence increases,
channel friction or local disturbance may force the barrel to flow
full near the outlet. The high velocity flow near the entrance carries
away the air which has been trapped at the top of the barrel and full
flow results.
3. Barrel flowing full. With the barrel flowing full, the control
shifts to the outlet, and the additional elevation (due to the slope
of the culvert) is now available to produce additional flow through
the culvert.
In this case, flow through the culvert may be analyzed from the
standpoint of pipe flow theory by assuming that the hydraulic grade
line at exit is at the center of the culvert. The elevation difference
between headwater and hydraulic grade line at exit may be charged
to entrance loss, pipe friction loss, and exit velocity head. For a given
culvert, flow increases as entrance loss decreases.
Culvert operation with the inlet submerged may swing from inlet
to outlet to inlet control if the stream flow is not sufficient to maintain
full flow in the culvert barrel. In many inlets this change in control
is accompanied by a rapid fluctuation in headwater elevation and
severe vortex action when the barrel is flowing full.
With the above concepts in mind, itis possible to define the
ideal culvert entrance as one which will prime automatically and,
in so doing, will prevent an undesirable rise of headwater elevation.
It must be defined further as one which results in a minimum possible
entrance loss.ENGINEERING EXPERIMENT STATIONBULLETIN 35
III. Design, Construction, and Operation
1. General. The model used in these experiments consisted of
an approach channel, culvert inlet section, and culvert barrel, as
shown in Figure 2.
The approach channel was 8 feet long, 4 feet wide, and 4 feet
deep. The channel floor was level throughout the tests. Baffles were
placed in the channel near the 6-inch supply line to redtice turbulence
in the pool to a minimum.
The culvert barrel was fabricated from flat sheets of-inch
plexiglas into a pipe of 4 inches IT) and 82 inches long. The barrel
discharged in a free overfall into a collecting tank leading to the
weighing tanks used in measuring the discharge.
2. Discharge measurements. Weighing tanks mounted on
Toledo scales with a capacity of 12,000 pounds were used in measur-
ing discharge. An average of three or more stopwatch readings
and a predetermined weight increment were converted to cubic feet
per second for each flow. The weight increments were chosen in such
a manner that the time interval for discharge of that weight of water
would be greater than 30 seconds, thus keeping to a minimum the
error due to human reaction time.
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Figure 2.
Sketch of Test Setup
3. Head measurements. Pool elevation measurements were
taken from three piezometer tubes connected to the bottom of the ap-
proach channel at a point 18 inches upstream from the culvert inlet
and spaced evenly at right angles to the culvert and channel axis. The
readings from the three piezometer tubes were averaged for the
pool elevation.INLET DESIGNS FORPIpECULVERTS
4. Pressure measurements. Piezometer tubes mounted on the
bottom of the culvert barrel and spaced along the axis, as shown in
Figure 3, gave pressure readings. Additional tubes, one on top of
the culvert and one on each side (Figure 3), gave pressure readings
at those points.
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Figure 3.
Location of Piezometer Tubes for all Models
One-fourth inch ID Tygon tubing was used in the connections
from the piezometer fittings to the i-inch If) glass tubes mounted
on a board rigidly attached to the downstream end of the channel.
The piezometer board was provided with 0.1-inch divisions
ruled with India ink on transparent acetate backed with white drawing
paper, and coated with clear lacquer.
5. Photographic data. Piezometer readings were taken photo-
graphically in order to reduce the time necessary to read the tubes
and to eliminate the possibilities for error that would result from
attempts at visual reading and recording in rapid order. Subsequent
printing of the photographic data on 5-in, by 7-in, paper made the
information permanent. Identification of each photograph was ac-
complished by the use of descriptive legends for each run photo-
graphed with the piezometer tubes. A typical data photograph is
illustrated in Figure 4.
6. Accuracy of measurements. The discharge measurements
were the most accurate. A continuous reading of time intervals at
the weighing tank was an accurate means of determining stability10 ENGINEERING EXPERIMENT STATION BULLETIN 35
Figure 4.
Typical Data Photograph
of flow. It was found that, after a sufficient waiting period, time
interval readings had a variation of less than 1 per cent. For pressure
readings, meniscus of the water column was sufficiently defined to
estimate readings to 0.05 of an inch. Conditions at the inlets for
high heads, however, were such that pressure tube readings for
the inlet regions were constantly fluctuating a small amount. Photo-
graphs taken at the instant water columns were relatively stable
gave an average reading and, at the same time, caught all of the
readings in true relationship to each other. Itis estimated these
pressure readings are in error no more than4per cent.
Piezometer readings for the elevation of the headwater pool
were very steady for all flows. Approach conditions were such,
however, that the three water columns did not read the same at highINLET DESIGNS FOR PIPE CULVERTS 11
heads. Because this difference was never more than 0.2 of an inch,
an average of the three readings gave a value of less thanper cent
in error.
7. Experimental procedure. Each inlet to be tested was run
through its entire range of discharge for the purpose of visual ob-
servation of its operational characteristics. From these observations
it was possible to determine the essential test data to be taken to
describe fully the inlet operation. Subsequently, inlets were again
run through their full discharge range, with photographic data taken
and discharge measured for each run. A rating curve of head versus
discharge was carried along with each test by plotting each point
as it was obtained. In this manner, any obvious errors in calculations
or observations became evident as plotted points that did not follow
the general shape of the curve. Corrections were made immediately.
In the case of inlet Models 4 and 6 (Figure 1), preliminary
testing was necessary to determine the optimum extension length for
the design being tested. The preliminary testing consisted of obtaining
a rating curve for each type of extension at various lengths of
extension.
After determining the optimum extension length,finaltests
were made with the extensions of optimum length installed. The
procedure followed for these final tests was the same as that for
the other inlets.
Complete testing of all models was made initially for the culvert
on a 4 per cent grade, with subsequent check-point tests being made
for Models 3, 4, and 6 installed on both 8 per cent and flat grades.
IV. Tests and Results
1. Description of inlets. Inlet shapes tested are shown in
Figure 1. For Model 1 the headwall was vertical, with the inlet set
flush with the headwall and the invert on the channel bottom. For
all other models a 2 :1 embankment slope was used. In Model 2 the
inlet was cut off flush with the embankment slope, with the invert
coinciding with the toe of the slope. Model 3 consisted of a normal,
square-cut end section of pipe extending through the embankment
slope so the invert coincided with the toe of the slope. Inlet 4 con-
sisted of a half-section of pipe mounted as a roof extension on
Inlet 3.
For preliminary tests, extensions were formed of sheet metal
and mounted on the outside of the pipe. The preliminary tests were
macic of extensions varying in length up to one pipe diameter in12 LNGINEERING LXPERIMENT STATION BuLnTIN35
increments of D/8. The extension for the final tests was formed from
plexiglas and mounted flush with the end of the pipe.
inlet 6 consisted of a full section of pipe cnt off from a given
extension length at the top to zero at the bottom, and mounted as
a roof extension on Inlet 3. As with Model 4, preliminary tests were
run on extensions formed from sheet metal mounted on the outside
of the pipe. These extensions varied up to one pipe diameter in length
in increments of D/4. The final tests were made on a plexiglas ex-
tension mounted flush with the end of the pipe.
2. Performance of inlets. The tests indicated that Models 1,
2, and 3 would not flow full automatically on steep grades. Artificial
priming forced them to flow full until air was admitted to the
entrance, either by vortex action or by drawing down the elevation
of the headwater pool, when they again reverted to free flow. The
typical condition at the entrance in this case was that of an orifice
discharging under head, with a contraction at the top and sides of the
jet and a slight contraction at the bottom.
Rating curves for Models 1, 2, and 3, with the culvert barrel
on a 4 per cent grade (Figure 5), show that variation in flow can
be correlated with relative values of orifice contraction coefficients.
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Figure 5.
Rating Curves for Models1, 2,and3 on 4Per Cent SlopeINLET DESIGNS FOR PIPE CULVERTS 13
Inlet 1, which is on the order of a sharp-edged orifice, would be
expected to yield more flow for a given head than would Inlet 3,
which is similar to a re-entrant tube.
Inlet 2, which shows the poorest performance, is similar to a
sharp-edged orifice lying in an inclined plane which discharges flow
with a velocity component perpendicular to the culvert axis. This
added velocity component in the vertical plane serves to further
contract the area of flow a short distance downstream, and the
result is a lower contraction coefficient.
The modifications of Model 3, as shown by Inlets 4 and 6,gave
an upward component to the velocity, which eliminated the top con-
traction a short distance downstream. This is illustrated in Figure 6,
which shows the shape and characteristics of the jets produced by
Models 3, 4, and 6 installed in a tank as orifices.
A special tank having a vertical headwall was made for this
purpose, and the inlet sections alone (with no culvert barrel) were
mounted in an opening in the side of the tank. The contractions
at the inlets (Figure 6) are as they appeared to the observer while
looking at the inlets from the inside of the tank. The profiles of
the jets are in respect to an observer's position outside of the tank.
The jet cross sections are taken at the plane of the tank wallas
INLETPROFiLEONTRACTIOPROFiLECROSS SECTIONDESCRIPTION OF CI-IARACTERISTICS
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Figure 6.
Characteristics of Various Inlets Installed as Orifices14 LNGINEERING LXPERIMENT STATION BULLETIN 35uM
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Figure 7.
Rating Curves for Models 3, 4, and 6 on 4 Per Cent Slope
observed from outside the tank and show that Models 4 and 6
eliminated the top contraction. By eliminating the top contraction,
water was allowed to cling to the top of the culvert, forcing the air
out and resulting in full flow.
The performance of Models 4 and 6 for free flow (inlet not
submerged), with the culvert on a 4 per cent slope, corresponded
closely to the performance of Model 3 for the same conditions
(Figure 7). Immediately upon submergence of the inlet, both Models
4 and 6 caused the culvert to prime and the discharge was increased
90 per cent, while the corresponding increase in headwater elevation
was the equivalent of onlyof a pipe diameter.
This same rise in head produced less than 15 per cent increase
in flow for Model 3. To obtain 90 per cent more flow upon sub-
mergence of the inlet of Model 3, a head increase equivalent to 1-
pipe diameters was required. When Model 3 was artificially primed,
however, the flow was greater than the flow in Models 4 and 6
at the same heads, which indicated a higher entrance loss for the
modifications as compared with Model 3.
Vortex action was presentin Models 4 and 6 up to1
diameters of submergence. While these vortices admitted air to the
inlets, causing the flow to fluctuate a small amount (less than 2 per
cent), they did not cause the culvert to lose its prime. The culvertINLET DESIGNS FOR PIPE CULVERTS 15
remained full until the discharge increased sufficiently to drop the
head below the top of the inlet. At this point the culvert couldno
longer maintain its prime and the head would again increase until,
shortly after submergence, the modifications again wouldcause the
culvert barrel to fill. This cycle of priming, dropping head, losing
prime, and rising head would continue until the stream discharge had
been increased the previously mentioned 90 per cent, at which point
a stable full-flow condition was reached.
Verification of the above results was made by testing Models 3,
4, and 6 with the culvert on an 8 per cent grade. The resultsare
similar to those with the culvert on a 4 per cent grade,as shown
by the rating curves of Figure 8. In this latter case, the increase in
NORMAL OPtRATON
.$XEL 3
oCL 4
0OL 6
OISCHA.F ru rr pen crc
Figure 8.
Rating Curves for Models 3, 4, and 6 on 8 Per Cent Slope
flow given by the modifications, which caused the culvert to flow full
upon submergence of the inlet, was more than 100 per cent of the
normal flow of Model 3. Artificial priming of Model 3, however,
once again confirmed the fact that Models 4 and 6 caused an ap-
preciable increase in entrance loss.
Additional tests of Models 3, 4, and 6 were made with the
culvert on a flat grade. Reference to the rating curves of Figure
9 shows that Model 3 produced the greatest discharge under all
head conditions. These culverts on flat grades primed of theirown
accord, and for this reason the increased energy loss at the entrance
given by the modifications was a detriment to the flow.16 ENGINEERING EXPERIMENT STATION BULLETIN 35
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Rating Curves for Models 3, 4, and 6 on Flat Grade
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Figure 10.
Sketch of System Showing Idealized Energy and
Pressure Grade Lines and Energy Losses
3. Entrance loss coefficients. Referring to Figure 10, the
energy equation for steady flow may be written
V2 V2 fLV2 P H=+Ke++ +Z
2q 2g D 2gW
where
Henergy at the upstream pond above a common datum
taken as the culvert invert at the outfall
Vvelocity in the pipeINLET DESIGNS FORPipi:CILVERTS 17
Keentrance loss coefficient
ffriction factor for Darcy-Weisbach equation
Ldistance from the culvert inlet
Dpipe diameter
P
+ Zpotential head at the point as measured by the
W piezometer reading for that point
Ifhequals the difference between the upstream water level and
P/W + Z at any point, then
fL zh= 1+Kc+
D
which can be rewritten
fL
=1+Kc+
V2/2g B
A plot of versusLmay be assumed as a straight line for
V2/29
those values of L sufficiently removed from the inlet that the cor-
(0
IJI
Q =0606 FS
P.e (moM PLOT) = 0615
-----------=_
-I..---
----------------------
I.c - - - - - - - - - - - -
010 20 30 40 0 60 70 A0
L, INCHES FROM CULVERT INLET
Figure 11.
Typical Plot of Entrance Loss Coefficients for Models 4 and 6 with
Full Flow on 4 Per Cent Slope18 ENGINEERINC EXPERIMENT STATIONBuIJTIN35
responding piezorneter readings no longer are affected by the curvi-
linear path of the water upon entering the inlet. Protracting this
straight line back to the entrance gives the value of 1+ Ke,and
the slope of the line isf/D.Since &i and V both vary with the dis-
charge, it seems reasonable to expect the value forKeto vary with
the discharge. Figure 11 is a typical plot of the data for Model 6
and a 4 per cent slope, as described above.
The tabulations in Table 1(appendix) show the range of en-
trance loss coefficients found for Models 3, 4, and 6 for full flow
on all slopes tested. The average coefficients for Models 3, 4, and 6
are 0.50, 0.67, and 0.57, respectively. These verify the indications
noted earlier that Models 4 and 6 caused greater energy loss at the
entrance than Model 3.
No further analysis of the data was made other than that
described herein.All the data taken, however, are included in
tabular form in the appendix for the convenience of those who may
desire to go further into an analysisofthe results.
V. Conclusions and Recommendafions
Models 1, 2, and 3, which are typical pipe culvert installations
on steep grades in use today, are not efficient because they do not
allow full flow upon submergence of the inlet.
Modifications as proposed with Models 4 and 6 insure full
flow of the culvert when the inlet is submerged. This means the
capacity of existing installations on steep slopes can be increased
materially with a minimum of added cost, and the size of future
installations can be reduced if the modifications recommended are
made.
The proposed modifications can be installed easily and rapidly.
They are simple to fabricate, low in cost, and will give more effi-
cient utilization of the pipe material.
Further experimentation to produce an inlet (lesign resulting
in smaller entrance losses is desirable. This must be a simple design,
however, or the increased cost of fabrication and installation will
not be offset by the gain in efficiency.INLET DESIGNS FOR PIPE CULVERTS 19
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VII. Appendix
Tables 2-16 contain tabulations of all data taken for the project.
The column headed "Tube No." refers to the piezometer tubes
located as shown in Figure 3 of the text. "L" is the distance in inches
from the culvert invert at the inlet to the respective piezometer tube.
Table 1.TABULATION OF ENTRANCELossCOEFFICIENTS FOR MODELS
3, 4,AND6,WITH FULL FLOW ON ALL SLOPES TESTED
Model. 3 Model 4 Model 6
Slope Q,cfs
IKe Q,cfs Ke Q,cfs Ke
Flat grade
0.405 0.500 0.285 0.655 0.372 0.610
0.506 0.550 0.445 0.715 0.478 0.625
0.535 0.820 0.545 0.720
4 per cent
grade
0.334 0.590
0.352 0.565 0.360 0.575 0.338 0.550
0.413 0.460 0.395 0.645 0.381 0.570
0.477 0.465 0.418 0.610 0.439 0.650
0.530 0.420 0.451 0.660 0.505 0.600
0.481 0.640 0.545 0.540
0.509 0.630 0.606 0.615
0.540 0.590
0.550 0.645
0.575 0.600
0.608 0.595
8 per cent
grade
0.445 0.515 0.429 0.605 0.469 0.570
0.496 0.525 0.490 0.550 0.505 0.590
0.519 0.435 0.537 0.640 0.565 0.560
0.559 0.515Table 2.MODEL1,FREEFLOWCULVERT SLOPE4%
PREssuRl READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.) 0046 0.099 0.159 0.272 0346 0.398 0221 0.449
1, .... 4.80 5.90 7.15 9.90 12.50 14.75 8.40 17.60
4 1 4.25 4.95 5.68 6.00 5.90 3.40 5.80 2.60
5 3 3.85 4.65 5.55 6.15 6.40 6.40 5.75 6.70
6................................................ 5 3.70 4.30 5.10 5.60 5.90 6.15 5.30 6.30
7 7 3.65 4.25 4.85 5.20 5.40 5.80 4.95 5.65
8.............................................. 9 3.55 4.20 4.70 5.10 5.15 5.45 4.90 5.30
9
................................................................
11 3.40 4.05 4.50 4.98 4.90 4.90 4.70 4.75
10
................................................................
13 3.35 3.85 4.50 4.90 4.90 4.70 4.65 4.60
11
................................................................
15 3.30 3.85 4.40 4.85 5.00 4.75 4.60 4.70
12
................................................................
17 3.20 3.80 4.35 4.80 4.95 4.85 4.55 4.70
13
................................................................
19 3.10 3.70 4.20 4.70 4.80 4.90 4.40 4.70
14.............................................................. 21 3.05 3.50 4.15 4.65 4.80 4.90 4.35 4.75
15.............................................................. 23 3.00 3.50 4.10 4.60 4.75 4.80 4.30 4.70
16
...............................................................
27 2.80 3.40 3.90 4.40 4.50 4.55 4.15 4.40
17
...............................................................
31 2.70 3.25 3.85 4.35 4.50 4.60 4.05 4.50
18
...............................................................
35 2.50 3.05 3.60 4.15 4.30 4.40 3.85 4.25
19
...............................................................
43 2.25 2.75 3.45 3.90 4.10 4.10 3.60 4.05
20
...............................................................
51 2.00 2.40 3.00 3.55 3.80 3.80 3.20 3.60
21
...............................................................
59 1.70 2.10 2.70 3.25 3.45 3.05 2.95 3.40
22
...............................................................
63 1.50 2.00 2.50 3.10 3.30 3.40 2.80 3.30
23
...............................................................
67 1.40 1.90 2.40 3.00 3.25 3.30 2.65 3.20
24
...............................................................
71 1.20 1.70 2.30 2.85 3.05 3.20 2.50 3.05
25
...............................................................
73 1.15 1.70 2.20 2.80 3.00 3.15 2.40 3.05
26
...............................................................
75 1.05 1.60 2.10 2.70 2.90 3.00 2.30 2.90
27
...............................................................
77 1.05 1.50 2.00 2.65 2.85 2.95 2.25 2.90
28
...............................................................
79 0.95 1.30 1.90 2.30 2.50 2.55 2.00 2.40
29............................................................... 81 0.80 0.90 1.40 1.60 1.60 1.65 1.40 1.40
Readings are in inches above culvert invert at outfall. Q is flow in cfs.t'a
Table 3.MODEL 2, FREE FLOW CULVERT SLOPE 4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
I.
(in.)
0=
0.033 0.037 0.082 Q=
0.118 Q=
0.163 Q=
0.219 0.354
1,2,3
.............................................................................
.... 4.90 5.50 6.00 6.60 7.45 9.40 15.35
4
................................................................................
1
5
................................................................................
3 4.75 5.30 5.85 6.50 7.40 9.30 15.05
6
................................................................................
5 4.30 4.85 5.55 6.30 7.20 9.05 14.45
7
................................................................................
7 4.00 4.50 5.00 5.90 6.90 8.40 12.70
8
................................................................................
9 4.00 4.30 4.35 5.25 6.20 6.93 9.30
9
................................................................................
11 3.90 4.10 4.40 4.80 5.40 5.35 6.05
10
........................................................................................
13 3.65 4.00 4.30 4.65 5.10 4.95 4.60
11
........................................................................................
15 3.60 3.80 4.15 4.50 4.90 4.95 4.20
12
................................................................................
17 3.55 3.75 4.00 4.35 4.80 4.80 4.00
13
................................................................................
19 3.40 3.60 3.90 4.20 4.60 4.70 4.70
14
...............................................................................
21 3.20 3.55 3.85 4.15 4.50 4.70 5.00
15
...............................................................................
23 3.20 3.50 3.80 4.10 4.45 4.55 5.00
16
...............................................................................
27 3.15 3.40 3.55 3.90 4.25 4.40 4.55
17
................................................................................
31 2.90 3.10 3.40 3.65 4.00 4.10 4.30
18
................................................................................
33 2.70 2.90 3.15 3.50 3.75 3.90 4.15
19
...............................................................................
43 2.45 2.60 2.83 3.20 3.50 3.70 4.00
20
................................................................................
51 2.00 2.30 2.50 2.80 3.10 3.25 3.50
21
................................................................................59 1.70 1.90 2.10 2.40 2.70 2.90 3.20
22 ............................................................................... 63 1.60 1.80 2.10 2.40 2.70 2.95 3.40
23
...............................................................................
67 1.50 1.65 1.90 2.20 2.58 2.80 3.20
24
................................................................................
71 1.20 1.50 1.65 2.00 2.25 2.50 2.90
25
................................................................................
73 1.20 1.45 1.60 1.90 2.20 2.45 2.80
26
................................................................................
75 1.15 1.30 1.50 1.80 2.00 2.30 2.60
27
..............................................................................
77 1.05 1.25 1.55 1.85 2.10 2.35 2.70
28
...............................................................................
79 0.90 1.10 1.45 1.70 1.90 2.15 2.40
29
............................................................................... 81 0.80 0.90 1.00 1.30 1.40 1.45 1.50
Readings are in inches above culvert invert at outfall. Q is flow in cfs.Table 4.MODEL3,FREE FLOW CULVERT SLOPES0%AND8%
PRESSURE READING FROM PIEZOMETER TUBES
Culvert slope 0%
I Culvert slope 8%
TubeL Q Q Q=Q=Q=Q=
No. (in.) 0.070 0.236 0.087 0.238 0.320 0.406
1,2,3 2.80 6.10 9.40 12.30 15.30 19.90
4 4.50 4.40 10.50 10.30
5 1.90 1.80 8.65 8.20 8.00 7.90
6 1.90 1.70 8.05 8.10 8.10 8.00
7 1 2.20 2.90 8.40 9.20 9.60 6.40
8 3 1.90 2.70 8.10 9.20 9.60
9 5 2.00 2.30 7.55 8.60 9.00 9.60
10 7 2.10 2.10 7.30 8.20 8.50 9.00
11 9 2.15 1.90 7.10 7.90 8.00 8.30
12 11 2.20 1.90 6.85 7.70 7.70 7.80
13 13 2.20 1.90 6.65 7.50 7.70 7.60
14 15 2.20 1.90 6.45 7.30 7.60 7.40
15 17 2.20 1.90 6.25 7.10 7.40 7.30
16 19 2.20 1.90 6.10 6.90 7.30 7.30
17 21 2.20 1.90 6.00 6.80 7.10 7.35
18 25 2.15 1.90 5.50 6.35 6.60 6.70
19 29 2.10 1.95 5.30 6.10 6.40 6.50
20 33 2.00 2.00 4.90 5.70 6.10 6.20
21 41 2.00 2.10 4.20 5.05 5.40 5.60
22 49 2.00 2.20 3.50 4.30 4.60 4.75
23 57 1.90 3.00 2.80 3.60 3.90 4.10
24 61 1.80 3.10 2.50 3.20 3.60 3.80
25 65 1.80 3.10 2.20 3.00 3.30 3.60
26 69 1.75 3.10 1.90 2.50 3.00 3.10
27 71 1.70 3.05 1.70 2.40 2.80 3.10
28 73 1.70 3.00 1.40 2.20 2.60 2.80
29 75 1.60 3.00 1.30 220 2.50 2.80
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
7,Table 5.MODEL3,FREE FLOW CULVERT SLOPE4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.) 0.064 0.098 0.175 0.212 0.260 0.342 0.411
1,2, 3...............................................................................
5.40 6.10 7.60
-
8.50 10.10 13.10 16.20
4
..................................................................................
7.40 7.30 7.40 7.30 7.20 7.20 7.10
5
.................................................................................
4.50 4.80 5.10 5.00 4.80 4.50 4.40
6
.................................................................................
4.70 4.80 5.20 5.00 4.80 4.70 4.60
7
................................................................................
1 4.80 5.20 5.80 6.10 6.40 6.90 7.10
8
................................................................................
3 4.30 4.90 5.60 5.90 6.10 6.40 6.60
9
................................................................................
5 4.00 4.40 5.10 5.35 5.60 5.90 6.20
10
................................................................................
7 3.90 4.20 4.80 4.90 5.10 5.30 5.50
11
................................................................................
9 3.80 4.10 4.60 4.75 4.80 4.85 5.00
12................................................................................11 3.70 4.00 4.50 4.70 4.85 4.60 4.80
13
................................................................................
13 3.60 3.90 4.50 4.65 4.90 4.70 4.90
14
................................................................................
15 3.50 3.80 4.40 4.60 4.80 4.90 4.90
15
................................................................................
17 3.40 3.70 4.20 4.40 4.60 4.80 4.60
16
................................................................................
19 3.30 3.60 4.15 4.35 4.60 4.70 4.90
17
...............................................................................
21 3.20 3.55 4.15 4.30 4.40 4.60 4.70
18
...............................................................................
25 3.10 3.40 3.90 4.10 4.25 4.40 4.60
19
...............................................................................
29 2.90 3.20 3.70 3.80 4.10 4.25 4.40
20
...............................................................................
33 2.70 2.90 3.50 3.60 3.80 4.10 4.10
21
...............................................................................
41 2.20 2.70 3.10 3.30 3.60 3.80 4.00
22
...............................................................................
49 1.90 2.20 2.70 2.80 3.10 3.30 3.40
23
................................................................................
57 1.70 1.80 2.30 2.60 2.80 3.00 3.10
24
...............................................................................
61 1.50 1.70 2.20 2.40 2.60 2.80 3.00
25
...............................................................................
65 1.30 1.60 2.00 2.20 2.40 2.70 2.80
26
...............................................................................
69 1.20 1.40 1.80 2.00 2.30 2.60 2.70
27
................................................................................
71 1.00 1.30 1.70 1.90 2.20 2.30 2.50
28
...............................................................................
73 0.80 1.20 1.70 1.90 2.20 2.30 2.50
29............................................................................... 75 0.80 1.20 1.70 1.80 2.20 2.30 2.50
Readings are in inches above culvert invert at outfall. Q is flow in cfs.Table 6.MODEL4,FREE FLOW CULVERT SLOPES0%AND8%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
Culvert slope 0%Culvert slope 8%
L Q Q Q=Q=
No (in.) 0.067 0.160 11060 0.160
1,2, 3 2.80 4.70 8.70 10.50
4 4.80 4.80 10.30
5 1.60 1.60 8.20 8.90
6 1.30 1.30 8.10 8.50
7 1 2.20 3.15 8.00 8.80
8 3 2.10 3.30 7.60 9.00
9 5 2.10 3.55 7.20 8.60
10 7 2.15 3.55 7.00 8.20
11 9 2.15 3.55 6.80 7.80
12 11 2.15 3.55 6.50 7.60
13 13 2.15 3.55 6.30 7.30
14 15 2.15 3.55 6.10 7.10
15 17 2.15 3.55 6.00 6.90
16 19 2.15 3.55 5.80 6.70
17 21 2.15 355 5.61) 6.50
18 25 2.10 3.40 5.20 6.15
19 29 2.05 3.10 5.00 6.80
20 33 2.00 3.20 4.60 6.40
21 41 1.90 3.10 4.00 4.80
22 49 1.85 3.00 3.20 4.00
23 57 1.80 2.90 2.50 320
24 61 1.80 2.80 2.30 2.90
25 65 1.75 2.85 1.90 2.60
26 69 1.70 2.75 1.60 2.30
27 71 1.65 2.70 1.40 2.10
28............................................. 73 1.60 2.60 1.20 1.80
29............................................. 75 1.60 2.50 1.10 1.80
Readings are in inches above culvert invert at outfall.Q is flow in cfs.
24to
Table 7. MODEL 4, FREE FLOW CULVERT SLOPE 4%
PRESSURE READING FROM PIEzOrfETER TUBES
Tube
No.
L
(in.) 0.041 0.063 0.066 0.100 0.102 0.132 0.174
1, 2, 3............................................................................... 4.80 5.50 5.50 6.10 6.10 6.70 7.40
4
..................................................................................
7.60 7.50 7.60 7.40 7.50 7.00 7.00
5
.................................................................................
4.40 4.55 4.70 4.65 4.70 5.00 5.10
6
.................................................................................
4.60 4.70 4.80 4.60 4.50 4.80 4.90
7
................................................................................
1 4.40 4.75 4.90 5.30 5.30 5.55 5.80
8
................................................................................
3 3.90 4.40 4.50 5.00 5.00 5.40 5.90
9
................................................................................
5 3.80 4.10 4.10 4.65 4.70 5.00 5.65
10
................................................................................
7 3.70 4.00 4.00 4.40 4.60 4.80 5.30
11
................................................................................
9 3.60 3.90 3.90 4.30 4.40 4.60 5.00
12
................................................................................
11 3.50 3.70 3.80 4.20 4.20 4.50 4.90
13
................................................................................
13 3.40 3.60 3.70 4.05 4.10 4.30 4.70
14
................................................................................
15 3.30 3.50 3.60 3.85 4.00 4.20 4.55
15
................................................................................
17 3.20 3.40 3.50 3.70 3.90 4.05 4.40
16................................................................................19 3.10 3.30 3.40 3.70 3.80 4.00 4.35
17
...............................................................................
21 3.00 3.20 3.30 3.60 3.70 3.90 4.30
18
...............................................................................
25 2.90 3.10 3.20 3.45 3.60 3.70 4.10
19
...............................................................................
29 2.70 2.90 3.00 3.30 3.50 3.55 3.90
20
................................................................................
33 2.60 2.70 2.80 3.00 3.20 3.45 3.70
21
...............................................................................
41 2.30 2.40 2.50 2.70 2.90 3.00 3.30
22
...............................................................................
49 2.00 2.00 2.00 2.30 2.40 2.60 2.85
23
...............................................................................
57 1.50 1.65 1.80 1.90 2.10 2.20 2.55
24
...............................................................................
61 1.40 1.50 1.60 1.80 1.90 2.10 2.40
25
...............................................................................
65 1.20 1.35 1.40 1.60 1.80 1.90 2.20
26
...............................................................................
69 1.10 1.20 1.30 1.40 1.70 1.75 2.10
27
...............................................................................
71 1.00 1.10 1.20 1.30 1.60 1.60 2.00
28
...............................................................................
73 0.90 1.00 1.10 1.20 1.50 1.50 1.90
29 ............................................................................... 75 0.90 0.95 1.00 1.20 1.40 1.50 1.90
Readings are in inches above culvert invert at outfall. Q is flow in cfs.Table 8. MODEL 6, FREE FLOW CULVERT SLOPES 0% AND 8%
PREssuI1 READING FROM PIEZOM ETER TUBES
Tube
Culvert slope 0% Culvert slope 8%
L Q Q Q Q
No. (in.) 0.100 0.191 0.064 0.157
1,2,3........................ .... 3.50 5.35 8.90 10.70
4.................... 4.40 4.45 0.60 10.40
5 .............,............................. 2.85 3.45 8.40 9.60
6 . 2.10 3.10 8.20 8.30
7.. 1 2.10 3.30 7.90 8.20
8 3 2.30 3.45 7.70 8.80
9 5 2.05 3.65 7.30 8.60
10 7 1.90 3.70 7.10 8.00
11 9 1.90 3.75 6.90 7.70
12 11 2.10 3.75 6.70 7.40
13 13 2.35 3.80 6.40 7.20
14 15 2.50 3.75 6.25 7.00
15 ..............................................17 2.50 3.70 6.10 6.80
16 19 2.50 3.75 6.00 6.60
17 ............................................ 21 2.55 3.75 5.70 6.50
18 ............................................ 25 2.45 3.70 5.30 6.10
19 ............................................ 29 2.45 3.65 5.10 5.70
20 ............................................ 33 2.40 3.60 4.70 5.40
21 ............................................. 41 2.35 3.60 4.10 4.70
22 49 2.30 3.50 3.40 3.90
23 ............................................. 57 2.20 3.50 2.70 3.20
24 ............................................. 61 2.20 3.45 2.30 2.80
25 ............................................. 65 2.20 3.40 2.00 2.60
26 ............................................. 69 2.10 3.40 1.70 2.20
27 71 2.00 3.35 1.50 2.10
28 ............................................. 73 2.00 3.30 1.30 1.80
29 ............................................. 75 1.90 3.20 1.30 1.80
Readings are In inches above culvert invert at outfall. Q is flow in c/s.
26Table 9.MODEL6,FREE FLOW CULVERT SLOPE4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.)
Q
0.O,7
Q
0096
Qr
0.127Q=
0.147Q=
0.172
1,2,3 5.25 6.00 6.60 6.90 7.30
4 1 7.05 7.10 7.10 7.00 6.80
5 1 4.80 5.55 5.90 6.10 5.90
6 4.65 5.30 5.40 5.40 5.30
7 1 4.45 4.90 5.10 5.30 5.40
8 3 4.20 4.80 5.20 5.30 5.60
9 5 4.05 4.60 4.95 5.25 5.50
10 7 3.90 4.40 4.70 4.90 5.10
11 9 3.75 4.20 4.45 4.70 4.90
12 11 3.60 4.00 4.30 4.50 4.70
13 13 3.60 3.90 4.20 4.40 4.60
14 15 3.40 3.75 4.00 4.20 4.40
15 17 3.30 3.70 3.95 4.10 4.35
16 19 3.20 3.65 3.90 4.10 4.30
17 21 3.10 3.45 3.80 4.00 4.10
18 25 3.05 3.40 3.60 3.80 4.00
19 29 2.80 3.20 3.50 3.60 3.80
20 33 2.70 2.90 3.25 3.40 3.60
21 41 2.30 2.60 2.90 3.00 3.20
22 49 1.90 2.10 2.40 2.50 2.70
23 57 1.60 1.90 2.10 2.20 2.40
24 61 1.40 1.70 2.00 2.10 2.30
25......................... 65 1.20 1.50 1.80 1.90 2.10
26 69 1.10 1.30 1.60 1.70 1.90
27 71 0.90 1.20 1.50 1.60 1.80
28......................... 73 0.80 1.20 1.40 1.50 1.70
29......................... 75 0.80 1.20 1.40 1.50 1.70
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
27Table 10.MODEL 3, FULL FLOW CULVERT SLOPES 0% AND 8%
PRESSURE READING FROM PIEZOMETER TUBES
Culvert slope 0% Culvert slope 8%
Tube I. Q= Q Q= Q= Q= Q=
No.(in.) 0.405 0.506 0.445 0.496 0.519 0.559
1,2,3 .... 10.00 14.30 11.50 13.90 14.00 16.50
4 -0.40 -3.30 -1.60 -4.10 -4.00 -5.10
5 -1.50 -4.20 -2.10 -3.50 -4.70 -5.80
6 -1.30 -4.20 -2.10 -4.40 -4.10 -6.10
7 1 2.40 1.10 -1.50 -1.60 -2.60 -2.80
8 3 2.70 2.10 1.80 2.20 2.00 1.90
9 5 3.20 3.10 3.10 3.30 3.10 3.20
10 7 3.60 3.70 3.50 3.80 3.70 3.90
11 9 3.60 3.75 3.60 3.90 3.80 4.00
12 11 3.70 4.00 3.70 4.10 4.00 4.10
13 13 3.75 4.10 3.75 4.20 4.10 4.30
14 15 3.70 4.10 3.80 4.20 4.10 4.30
15 17 3.70 4.00 3.80 4.15 4.00 4.25
16 19 3.70 4.00 3.75 4.15 4.00 4.25
17 21 3.70 4.00 3.70 4.10 3.90 4.20
18 25 3.55 3.70 3.50 3.90 3.60 3.90
19 29 3.50 3.70 3.50 3.80 3.65 3.90
20 33 3.40 3.60 3.35 3.70 3.55 3.70
21 41 3.20 3.30 3.20 3.40 3.30 3.50
22 49 2.90 2.90 2.90 3.00 2.90 3.00
23 57 2.75 2.70 2.70 2.80 2.65 2.70
24 61 2.70 2.60 2.65 2.70 2.60 2.60
25 65 2.70 2.55 2.60 2.60 2.50 2.50
26 69 2.55 2.40 2.50 2.50 2.30 2.30
27 71 2.55 2.40 2.50 2.50 2.30 2.30
28 73 2.50 2.20 2.40 2.40 2.20 2.20
29 75 2.50 2.20 2.40 2.40 2.20 2.20
Readiiigs are in inches above culvert invert at outfall. Q is flow in cfs.
28Table 11.MODEL 3, FULL FLOW CULVERT SLOPE 4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.)Q-
0.352
Q
0.413
Q__
0.477
Q
0.530
1,2, .. 8.20 9.70 12.30 14.20
'-1.40 0.20 -3.20 -4.20
5 -0.70 -2.10 -3.60 -4.80
6 -0.40 -2.10 -3.70 -4.90
7 1 1.60 1.30 1.10 1.00
8 3 2.20 1.80 1.90 2.20
5 2.80 2.50 2.90 3.20
10 ............................................. 7 3.00 2.90 3.20 3.40
11 ............................................. 9 3.10 3.00 3.40 3.50
12 ............................................. 11 3.20 3.10 3.60 3.65
13 ............................................ 13 3.20 3.20 3.70 3.80
14 ............................................ 15 3.30 3.30 3.80 4.00
15 ............................................ 17 3.20 3.20 3.60 3.70
16 ..............................................19 3.20 3.20 3.60 3.70
17 ............................................. 21 3.10 3.20 3.50 3.60
18 ............................................. 25 3.10 3.10 3.50 3.65
19 ............................................. 29 3.05 3.10 3.40 3,55
20 ............................................ 33 3.00 3.00 3.25 3.40
21 41 2.80 2.90 3.10 3.10
22 ............................................. 49 2.60 2.50 2.60 2.60
23 ............................................. 57 2.60 2.50 2.50 2.50
24 ............................................ 61 2.50 2.40 2.40 2.40
25............................................ 65 2.40 2.30 2.30 2.20
26 ............................................. 69 2.40 2.30 2.20 2.15
27 ............................................. 71 2.30 2.20 2.10 2,00
28 ............................................. 73 2.30 2.30 2.20 2.00
29 --------------------------------------------- 75 2.30 2.30 2.20 2.00
Readings are in inches above culvert invert at outfall.is flow incf's.
29Table 12.MODEL 4, FULL FLOW CULVERT SLOPES 0% AND 8%
PRESSURE READING FROM PIEZOMETER TUBES
Culvert slope 0% Culvert slope 8%
Tube L Q Q Q= Q Q
No. (in.) 0.285 0.445 0.535 0.429 0.490 0.537
1,2, 3 7.10 12.60 17.60 11.40 13.80 16.40
4 4.85 5.20 6.60 5.70 -0.50 -0.80
5 0.40 -3.30 -5.60 -4.30 -3.20 -7.50
6 1.20 -3.30 -1.40 -6.30 -3.30
7 1 2.60 1.15 -0.70 -0.50 -1.00 -1.60
8 3 3.20 3.70 2.70 2.00 2.80 2.10
9 5 3.50 3.90 3.55 3.30 360 3.30
10 7 3.55 4.00 3.95 3.60 3.75 3.80
11 9 3.60 3.90 4.10 3.65 3.90 3.90
12 11 3.60 4.00 4.30 3.70 4.10 4.10
13 13 3.65 4.00 4.35 3.75 4.15 4.20
14 15 3.60 3.90 4.35 3.75 4.15 4.30
15 17 3.60 3.85 4.30 3.75 4.10 4.20
16 19 3.55 3.80 4.25 3.75 4.10 4.20
17 21 3.55 3.80 4.20 3.75 4.00 4.20
18 25 3.50 3.60 3.90 3.50 3.80 3.90
19 29 3.45 3.60 3.85 3.55 3.80 3.90
20 33 3.40 3.50 3.70 3.40 3.65 3.70
21 41 3.25 3.25 3.50 3.20 3.40 3.40
22 49 3.10 2.90 3.00 2.90 3.00 3.00
23 ..........c7 3.00 2.70 2.70 2.70 2.80 2.70
24 61 3.00 2.60 2.60 2.70 2.70 2.60
25 65 2.95 2.55 2.50 2.65 2.60 2.50
26 69 2.85 2.45 2.40 2.55 2.50 2.40
27 71 2.85 2.40 2.40 2.50 2.50 2.30
28 73 2.80 2.30 2.20 2.40 2.40 2.20
29 75 2.80 2.30 2.20 2.40 2.40 2.20
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
30Table13. MODEL 4, FULL FLOW CULVERT SLOPE 4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.)
Q
0.334
Q
0.360Q=
0.395Q=
0.418Q=
0.451Q=
0.481
1,2,3 7.80 8.50 10.00 10.70 12.30 13.40
4 3.90 4.35 4.60 4.50 4.80 5.10
5 1 -0.50 -2.00 -2.40 -3.00 -3.70 -4.70
6 1 -1.00 -1.00 -1.80 -2.10 -3.50 -4.40
7 1 1.50 1.40 0.70 0.90 0.80 -050
8 3 2.70 2.50 2.80 2.65 3.00 2.90
9 5 2.90 2.90 3.10 3.10 3.20 3.40
10 7 3.10 3.10 3.15 3.25 3.30 3.40
11 9 3.20 3.20 3.25 3.30 3.40 3.60
12 11 3.25 3.20 3.30 3.40 3.50 3.65
13 13 3.30 3.30 3.40 3.50 3.60 3.75
14 15 3.25 3.20 3.30 3.35 3.50 3.60
15 17 3.20 3.20 3.30 3.30 3.43 3.50
16 19 3.20 3.20 3.30 3.40 3.50 3.60
17 21 3.20 3.20 3.30 3.40 3.55 3.60
18 25 3.10 3.10 3.25 3.35 3.40 3.50
19 29 3.10 3.10 3.20 3.30 3.40 3.45
20 33 3.05 3.10 3.15 3.20 3.30 3.30
21 41 2.95 2.90 3.05 3.00 3.05 3.05
22 49 2.80 2.70 2.70 2.65 2.70 2.60
23 57 2.70 2.60 2.60 2.60 2.60 2.50
24 61 2.60 2.55 2.60 2.55 2.50 2.45
25 65 2.65 2.50 2.50 2.50 2.40 2.35
26 69 2.50 2.45 2.40 2.40 2.35 2.30
27 71 2.50 2.40 2.30 2.30 2.30 2.15
28 73 2.50 2.40 2.30 2.30 2.30 2.15
29 75 2.50 2.40 2.30 2.30 2.30 2.15
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
31Table 13.MoD1i. 4, FULL FLOW CULVERT SIoPE 4% (C0NT'D)
PRESSURE READING FROM PIEzoIrETER TUBES
Tube
No.
L
(in.)
Q
0.509
Q
0.540
Q
0.558
Q
0.575 0.608
1,2,3................... 14.50 15.80 17.30 17.80 19.80
4 5.40 6.00 6.35 6.20 6.70
5 -4.80 -6.00 -6.90 -6.50 -7.70
6 -5.60 -7.20 -7.10
7 1 0.50 0.20 -1.00 -0.20 -0.20
8......................... 3 3.10 2.30 3.60 2.60 3.30
9 5 3.50 3.40 3.90 3.60 3.80 .........................
10......................... 7 3.55 3.60 3.90 3.80 3.90
11 9 3.55 3.60 3.90 3.90 3.80
12 11 3.60 3.75 3.95 4.10 4.10
13......................... 13 3.80 4.00 4.10 4.25 4.40
14 15 3.60 3.75 3.75 3.90 4.00
15 17 3.55 3.70 3.75 3.90 4.00
16 19 3.60 3.75 3.80 4.00 4.10
17 21 3.65 3.90 3.90 4.10 4.20
18......................... 25 3.50 3.60 3.75 3.90 4.00
19......................... 29 3.50 3.65 3.70 3.80 4.00
20......................... 33 3.40 3.50 3.60 3.70 3.80
21 41 3.10 3.20 3.25 3.30 3.40
22......................... 49 2.60 2.60 2.60 2.70 2.70
23 57 2.60 2.50 2.50 2.60 2.60
24......................... 61 2.50 2.50 2.50 2.50 2.50
25......................... 65 2.40 2.30 2.20 2.30 2.30
26 69 2.30 2.30 2.20 2.30 2.20
27 71 2.20 2.10 2.00 2.10 2.10
28......................... 73 2.20 2.10 2.00 2.05 2.00
29......................... 75 2.20 2.10 2.00 2.05 2.00
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
32Table 14.MODEL6,FULL FLOW CULVERT SLOPES0%AND8%
PRESSURE READING FROM PIEZOMETER TUBES
Tube L
Culvert Slope 0% Culvert slope 8%
Q- Q Q=Q= Q
No.(in.) 0.372 0.478 0545 0.469 0.505 0.565
1,2,3 9.40 13.50 17.30 12.70 14.60 17.20
4 4.45 4.60 5.20 5.00 -0.60 6.40
5 0,25 -1.50 -3.20 3.55 -2.80 -0.90
6 0.15 -2.20 -3.70 -2.60 -1.80 -4.20
7 1 1.40 1.20 0.40 -0.10 -0.30 -0.90
8 3 2.20 1.70 1.10 1.00 1.00 0.60
9 5 2.90 2.40 2.30 2.30 2.10 2.60
10 7 3.30 3.10 3.10 3.20 .3.10 3.60
11 9 3.50 3.50 3.55 3.50 3.70 4.20
12 11 3.60 3.75 3.90 3.70 4.00 4.40
13 13 3.65 3.85 4.10 3.80 4.10 4.50
14 15 3.60 3.90 4.10 3.80 4.20 4.40
15 17 3.60 3.90 4.15 3.80 4.20 4.40
16 19 3.60 3.90 4.15 3.80 4.20 4.30
17 21 3.55 3.85 4.10 3.7.5 4.20 4.30
18 25 3.45 3.65 3.90 3.60 3.90 4.10
19 29 3.40 3.65 3.90 3.60 3.90 4.00
20 33 3.30 3.55 3.70 3.40 3.70 3.80
21 41 3.10 3.30 3.50 3.20 3.40 3.50
22 49 2.90 2.90 3.00 2.90 3.00 3.00
23 .57 2.70 2.70 2.70 2.70 2.80 2.70
24 61 2.70 2.60 2.60 2.60 2.70 2.60
25 65 2.65 2.55 2.50 2.60 2.60 2.50
26 69 2.60 2.45 2.40 2.40 2.50 2.30
27 71 2.55 2.45 2.40 2.40 2.50 2.30
28 73 2.45 2.20 2.20 2.30 2.30 2.20
29 75 2.45 2.20 2.20 2.30 2.30 2.20
Readings are in inches above culvert invert at outfall. Q is flow in cfs.
33Table 15.MODEL 6, FULL FLOW CULVERT SLOPE 4%
PRESSURE READING FROM PIEZOMETER TUBES
Tube
No.
L
(in.)
Q=
0.338Q-
0.381Q=
0.439Q=
0.505
Q
0.545 0.606
1,2,3 . 7.85 9.10 11.70 14.30 15.70 19.40
4 1 3.60 3.70 2.50 2.40 4.40 4.20
5 2.10 0.70 -1.30 -2.20 -2.70 -6.00
6 1 -0.30 -1.10 -2.40 -3.60 -3.10 -5.90
7 1 1.10 0.60 0.40 0.10 0.10 -1.40
8 3 1.60 1.40 1.10 1.20 0.90 0.20
9 5 2.10 2.10 1.90 2.20 2.10 1.60
10 7 2.50 2.60 2.60 2.90 3.00 2.70
11 9 2.70 2.80 2.90 3.30 3.50 3.40
12 11 2.90 3.00 3.10 3.60 3.60 3.80
13 13 3.05 3.15 3.30 3.85 3.90 4.10
14 15 3.10 320 3.40 3.90 4.00 4.20
15 17 3.10 3.15 3.40 3.70 3.95 4.10
16 19 3.10 3.20 3.40 3.70 3.90 4.10
17 21 3.10 3.15 3.30 3.60 3.65 4.00
18 25 3.10 3.10 3.30 3.60 3.70 3.90
19 29 3.10 3.10 3.30 3.55 3.65 3.90
20 33 3.00 3.05 3.15 3.30 3.50 3.70
21 41 2.90 2.90 3.00 3.10 3.20 3.40
22 49 2.60 2.50 2.60 2.60 2.60 2.70
23 57 2.60 2.60 2.50 2.40 2.50 2.60
24 61 2.60 2.60 2.50 2.40 2.45 2.50
25 65 2.50 2.45 2.30 2.30 2.20 2.20
26 69 2.40 2.40 2.30 2.20 2.20 2.20
27 71 2.35 2.30 2.10 2.00 2.50 2.00
28 73 2.40 2.30 2.20 2.00 2.50 2.00
29 75 2.40 2.30 2.20 2.00 2.50 2.00
Readings are in inches above culvert invert at outfall. Q is flow in cis.
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